A rotator cuff tear (RCT) is a disorder characterized by shoulder pain and dysfunction. RCTs are common, found in approximately 15%-20%, 26%-30%, and 36%-50% of people aged 60, 70, and 80 years, respectively.^[@bibr10-2325967120918995],[@bibr24-2325967120918995]^ Disorders of the rotator cuff account for 30% to 70% of cases of painful shoulders, and the prevalence of RCTs has been reported to be 22.1% in the general population.^[@bibr10-2325967120918995]^ Patients with RCTs can be asymptomatic, and this may have led to the varying prevalence among different studies. RCTs may be more prevalent than reported because of asymptomatic cases. Surgery is required for severe RCTs to restore shoulder function.

RCTs have multiple causes, which can be classified as intrinsic (degeneration, microtrauma, and hypoperfusion) or extrinsic factors (chronic impingement syndrome and overuse).^[@bibr23-2325967120918995]^ Recently, anatomic factors, such as the critical shoulder angle (CSA) and acromion index (AI), have become key associated aspects of RCTs and the prognosis of repair surgery.^[@bibr8-2325967120918995]^ The CSA is the angle formed from the line of the superior to inferior bony margin of the glenoid and inferior bony margin of the glenoid to the lateral margin of the acromion. The AI is defined as the distance from the glenoid plane to the acromial lateral border, divided by the distance from the glenoid plane to the lateral aspect of the humeral head. The CSA can indicate glenoid inclination and lateral extension of the acromion. The AI reveals lateral extension of the acromion.^[@bibr7-2325967120918995]^ Previous studies^[@bibr6-2325967120918995],[@bibr14-2325967120918995],[@bibr21-2325967120918995]^ have reported that a higher CSA and AI are associated with full-thickness RCTs. Another study^[@bibr14-2325967120918995]^ indicated that patients with degenerative RCTs had a higher CSA than did those without RCTs.

Although the CSA and AI have been mentioned as radiographic assessment measures and are associated with RCTs, there are no relevant studies that have investigated their accuracy for predicting RCTs.^[@bibr6-2325967120918995],[@bibr14-2325967120918995],[@bibr21-2325967120918995]^ In addition, for clinical practice, early detection of RCTs is important for effective treatment. Therefore, we investigated the sensitivity and specificity of CSA and AI measurements for detecting patients with RCTs among a population with nontraumatic shoulder pain.

Methods {#section1-2325967120918995}
=======

Study Design and Participants {#section2-2325967120918995}
-----------------------------

This study was a retrospective, case-control, cross-sectional investigation conducted at a medical university hospital from January 2014 to December 2018. All participants were recruited from the orthopaedic and rehabilitation outpatient departments, and this study was approved by the institutional review board of the medical university. Inclusion criteria were patients (1) aged 20 to 80 years, (2) experiencing shoulder pain with motion and who attended outpatient department visits in the past 3 months, and (3) undergoing a shoulder radiographic evaluation and shoulder ultrasound. Exclusion criteria were (1) previous surgery around the shoulder; (2) history of traumatic injuries in the past 6 months; (3) glenohumeral osteoarthritis or acromioclavicular arthritis, which could influence CSA and AI measurements; and (4) poor-quality shoulder radiographic images for assessment. After the radiographic evaluation, patients also underwent ultrasound testing. Based on shoulder ultrasound findings, participants were subdivided into the RCT and non-RCT groups. When shoulder ultrasound found RCTs in patients, they were classified into the RCT group. However, when shoulder ultrasound did not find RCTs but presented other types of rotator cuff disease such as bursitis or tendinitis, patients were classified into the non-RCT group. Baseline demographic data (namely age, sex, dominant/nondominant side, and body mass index \[BMI\]), diabetes mellitus, hypertension, hyperlipidemia, visual analog scale (VAS) score, steroid use (using oral steroids for more than 3 days according to medication history), and gout (based on medical chart records or medication history) were recorded by a research assistant who was blind to radiographic and ultrasound findings. With consideration of the potential selection bias caused by a retrospective case-control study and comparison with the study group, we matched patients without RCTs with similar baseline variables in a 1:1 ratio to patients with RCTs by propensity score matching using SPSS software (Version 19.0; IBM). The study flowchart is presented in [Figure 1](#fig1-2325967120918995){ref-type="fig"}.

![Study flowchart.](10.1177_2325967120918995-fig1){#fig1-2325967120918995}

Radiographic Evaluation of CSA and AI {#section3-2325967120918995}
-------------------------------------

After collecting demographic data, conventional anterior-posterior shoulder radiography was conducted on the same day as the outpatient department visit. Images were taken in an upright standing position, and with a descending beam tilted to 20° to ensure accuracy of the CSA assessment, the shoulder anterior-posterior image was obtained following a standardized protocol. We adopted the CSA measurement protocol used by Blonna et al.^[@bibr1-2325967120918995]^ When radiographic images were not affected by the rotation and overlapping of the anterior and posterior edges of the glenoid cavity, we regarded them as having sufficient image quality for the CSA assessment. The CSA was measured as the angle formed by a line connecting the superior and inferior bony margins of the glenoid and a line from the inferior bony margin of the glenoid to the most lateral border of the acromion ([Figure 2](#fig2-2325967120918995){ref-type="fig"}). To prevent the effect of differences in scapular rotation and beam projection angle, we adopted standardized measurement protocols, performing imaging of the shoulder in a true anterior-posterior view with a digitally embedded tool . There were 2 observers who independently measured the CSA and AI for all participants. To achieve consistent measurements, these 2 observers were instructed in the standardized evaluation technique and protocol by one of the authors. Each image was measured 3 times, and the mean values were obtained for subsequent analysis.

![The critical shoulder angle (CSA) is formed from a line connecting the inferior and superior borders of the glenoid fossa and another line connecting the inferior border of the glenoid with the inferior lateral border of the acromion.](10.1177_2325967120918995-fig2){#fig2-2325967120918995}

The AI was evaluated as the ratio of the distance between the glenoid plane and the lateral border of the acromion (GA) to the distance between the glenoid plane and the lateral aspect of the humeral head (GH), as illustrated in [Figure 3](#fig3-2325967120918995){ref-type="fig"}.

![The acromion index (AI) is the ratio of the distance from the glenoid plane to the lateral border of the acromion (GA) to the distance from the glenoid plane to the most lateral aspect of the humeral head (GH). AI = GA/GH.](10.1177_2325967120918995-fig3){#fig3-2325967120918995}

Ultrasound Evaluation of RCTs {#section4-2325967120918995}
-----------------------------

The confirmation of an RCT was determined using ultrasound of the supraspinatus, infraspinatus, and subscapularis tendons after radiographic evaluation. An experienced physician performed the ultrasound evaluation for RCTs as routine practice and was unaware of the radiographic CSA and AI measurements because of the retrospective nature of the study. Based on a previous study,^[@bibr17-2325967120918995]^ the diagnostic accuracy of ultrasound for full-thickness RCTs was more than 0.90 for sensitivity and specificity. For partial-thickness RCTs, the specificity was higher than 0.90.

Statistical Analysis {#section5-2325967120918995}
--------------------

From the ultrasound findings of RCTs, we subdivided all participants into the RCT and non-RCT groups. The variables of age, sex, BMI, affected side, diabetes mellitus, hyperlipidemia, gout, steroid use, VAS score, CSA, GA, GH, and AI were presented as means with standard deviations or numbers.^[@bibr3-2325967120918995],[@bibr4-2325967120918995]^ Continuous variables were compared using the independent Student *t* test between the RCT and non-RCT groups. The chi-square test was used for categorical variable comparisons between the 2 groups. To estimate the accuracy of the CSA and AI for predicting RCTs, we performed receiver operating characteristic (ROC) curve analyses of the CSA and AI. Cutoff points for the optimal sensitivity and specificity of the CSA and AI were determined using the Youden index. We used binary logistic regression for predicting the likelihood of RCTs when the CSA or AI values surpassed the cutoff points. Stepwise logistic regression was used for identifying independent predictors of RCTs. All statistical analyses were performed using SPSS (Version 19.0), and *P* \< .05 was considered statistically significant.

Results {#section6-2325967120918995}
=======

Initially, 339 participants met the inclusion criteria of this study. Of these, 16 participants were excluded because of osteoarthritis, 12 because of fractures, and 10 because of poor image quality of the CSA. Ultimately, 301 participants (98 partial-thickness tears and 203 full-thickness tears) were included in the RCT group (123 males, 178 females), and 300 participants whose data were collected from imaging and chart records were included in the non-RCT group (116 males, 184 females) by propensity score matching ([Figure 1](#fig1-2325967120918995){ref-type="fig"}). Age, sex, BMI, diabetes mellitus, hyperlipidemia, gout, steroid use, and VAS score did not significantly differ between these 2 groups ([Table 1](#table1-2325967120918995){ref-type="table"}).

###### 

Demographic Characteristics*^a^*

![](10.1177_2325967120918995-table1)

                              RCT (n = 301)   Non-RCT (n = 300)   *P*
  --------------------------- --------------- ------------------- --------
  Age, y                      65.7 ± 9.6      65.2 ± 10.1         .619
  Female sex, n               178             184                 .233
  Affected dominant side, n   210             212                 .816
  BMI, kg/m^2^                24.9 ± 3.5      25.7 ± 4.0          .070
  Diabetes mellitus, n        86              72                  .700
  Hyperlipidemia, n           36              36                  .722
  Gout, n                     14              14                  \>.999
  Steroid use, n              25              23                  \>.999
  VAS score                   3.6 ± 1.5       3.5 ± 1.4           .408

*^a^*Data are shown as mean ± SD unless otherwise indicated. The *P* value was calculated using the Student *t* test for continuous variables and the chi-square test for categorical variables. BMI, body mass index; RCT, rotator cuff tear; VAS, visual analog scale.

As indicated in [Table 2](#table2-2325967120918995){ref-type="table"}, the RCT group had a higher CSA (*P* \< .001), GA (*P* \< .001), and GH (*P* \< .001) than did the non-RCT group.

###### 

Radiographic Findings*^a^*

![](10.1177_2325967120918995-table2)

        RCT (n = 301)   Non-RCT (n = 300)   *P*
  ----- --------------- ------------------- -------------
  CSA   38.90 ± 3.88    35.99 ± 4.03        \<.001*^b^*
  GA    3.97 ± 0.44     3.78 ± 0.38         \<.001
  GH    5.19 ± 0.45     4.93 ± 0.54         \<.001
  AI    0.76 ± 0.08     0.77 ± 0.08         .497

*^a^*Data are shown as mean ± SD. AI, acromion index; CSA, critical shoulder angle; GA, distance from the glenoid plane to the lateral border of the acromion; GH, distance from the glenoid plane to the most lateral aspect of the humeral head; RCT, rotator cuff tear.

*^b^P* \< .05 (independent *t* test).

The ROC curve is presented in [Figure 4](#fig4-2325967120918995){ref-type="fig"}, with the area under the curve (AUC) of the CSA being 70.5% (*P* \< .001), the GA being 62.4% (*P* \< .001), and the GH being 64.4% (*P* \< .001). The AI had an AUC of 47.7% (*P* = .322) and had no significance for predicting RCTs in patients. According to the Youden index, the cutoff point of the CSA was 37.52° with 65.8% sensitivity and 67.8% specificity.

![Receiver operating characteristic curve analysis of the critical shoulder angle (CSA), distance from the glenoid plane to the lateral border of the acromion (GA), distance from the glenoid plane to the most lateral aspect of the humeral head (GH), and acromion index (AI) for predicting rotator cuff tears in patients with shoulder pain.](10.1177_2325967120918995-fig4){#fig4-2325967120918995}

For patients with shoulder pain with a CSA higher than 37.52°, binary logistic regression revealed an adjusted odds ratio of 3.92 (95% CI, 2.79-5.51; *P* \< .001) for the occurrence of RCTs. Stepwise logistic regression revealed the CSA as an independent predictor of RCTs, with an adjusted odds ratio of 1.295 (95% CI, 1.019-1.571; *P* = .006) ([Table 3](#table3-2325967120918995){ref-type="table"}).

###### 

Predictors of RCTs by Multiple Stepwise Logistic Regression*^a^*

![](10.1177_2325967120918995-table3)

        Odds Ratio (95% CI)   *P*
  ----- --------------------- -----------
  Age   0.652 (0.483-1.432)   .791
  CSA   1.295 (1.019-1.571)   .006*^b^*
  AI    0.115 (0.004-3.315)   .207

*^a^*AI, acromion index; CSA, critical shoulder angle; RCT, rotator cuff tear.

*^b^P* \< .05.

Discussion {#section7-2325967120918995}
==========

When patients visit clinics for shoulder pain, a radiographic evaluation is usually the initial assessment tool; some clinics are not equipped with ultrasound capabilities. Radiographic measurement parameters could help clinicians determine the requirement of a further ultrasound evaluation for patients with shoulder pain and RCTs. Our study revealed that compared with the AI, the CSA could predict RCTs for patients with shoulder pain with better accuracy. A high CSA indicated high acromial coverage and glenoid inclination and contributed to the vulnerability of RCTs from impingement. In a biomechanical study, Gerber et al^[@bibr2-2325967120918995]^ evaluated and compared the joint reaction force of a CSA of more than 38° with that of more than 33° in patients with RCTs. They reported that an increased CSA could lead to decreased superoinferior joint stability and that shoulder instability led to compensatory increasing loads on the supraspinatus tendon.^[@bibr2-2325967120918995]^ High-loaded supraspinatus tendons could incur repetitive shoulder active adduction, leading to overloading of rotator cuffs and causing tears.^[@bibr2-2325967120918995],[@bibr24-2325967120918995]^

The pathogenesis of RCTs is typically classified as having extrinsic (overuse, chronic impingement syndrome, and multifactorial causes) or intrinsic factors (degeneration, hypoperfusion, microtrauma, and apoptosis).^[@bibr18-2325967120918995],[@bibr23-2325967120918995]^ The higher risk of RCTs among patients with a high CSA may be explained by extrinsic impingement and high tensile stress overloading. Previous studies^[@bibr5-2325967120918995],[@bibr9-2325967120918995],[@bibr15-2325967120918995]^ have noted that tensile stress overloading on rotator cuff tendons is a pathogenesis of RCTs. Moor et al^[@bibr12-2325967120918995],[@bibr13-2325967120918995]^ reported that the CSA could contribute to the risk of degenerative RCTs by affecting glenoid inclination and lateral extension of the acromion. Previous biomechanical studies^[@bibr2-2325967120918995],[@bibr13-2325967120918995]^ have confirmed that a high CSA was associated with overloaded tensile stress on rotator cuff tendons, which then led to RCTs.

The mean CSA data from our study were similar to those in other studies in East Asia. Shinagawa et al^[@bibr20-2325967120918995]^ reported that the mean CSA of full-thickness and partial-thickness RCTs was 34.3° ± 4.2° and 32.6° ± 3.2°, respectively. Seo et al^[@bibr19-2325967120918995]^ presented similar results, which revealed that the mean CSA for articular-side RCTs was 34°. The mean CSA in our study was higher than that in these Asian studies. We believe that this could be explained by a higher proportion of full-thickness tears in our study group. The cutoff value of the CSA was 37.52° in our study. Pandey et al^[@bibr16-2325967120918995]^ reported a cutoff value of 39.3°, which was more than our cutoff value. Racial differences should be considered for the clinical application of the CSA for RCTs in patients with shoulder pain.

Although previous studies have reported that the AI was associated with full-thickness RCTs, in our study, we observed more accuracy of the CSA in predicting RCTs in patients with shoulder pain. The AI indicated the ratio of lateral extension to the acromion and humeral lateral border. More lateral extension of the acromion leads to more vertical ascending force of the middle deltoid and impingement. However, a previous study^[@bibr11-2325967120918995]^ investigated the association between the AI and RCTs among Brazilian and Japanese people and reported that the AI could predict RCTs in the Brazilian but not Japanese population. Our study was performed with a single ethnic population, and we found that the AI was not an accurate prediction tool for RCTs. Both the GA and GH were larger in the RCT group than the non-RCT group, which was likely because of patients with RCTs having a lateral (larger) acromion and humeral head. We conjectured that several biomechanical mechanisms beyond the AI and impingement that are still under investigation may explain our study findings.

This study revealed that the CSA could be an objective assessment tool for predicting RCTs among patients with shoulder pain, as it had better accuracy than the AI for the prediction of RCTs. Nevertheless, our study has several limitations in terms of clinical applications. First, we enrolled only patients with shoulder pain who underwent ultrasonography in this retrospective case-control study. Asymptomatic patients with RCTs were not included in this study, which limits our data because only patients with shoulder pain were included. Future prospective large-scale studies should screen for asymptomatic patients with RCTs. Second, all participants were from a single Asian race, and the cutoff CSA value for predicting RCTs in patients could vary across races. Third, multifactorial causes include extrinsic and intrinsic factors for RCTs, and the CSA is associated with impingement, which is an extrinsic factor of RCTs. Although we controlled for possible risk factors, such as diabetes mellitus, steroid use, age, and gout, contributing factors such as exercise, acromial shape, and shoulder biomechanical loads from daily life were not considered in this study. Finally, scapular and planar positioning could influence the reliability of CSA assessments.^[@bibr22-2325967120918995]^ To reduce the risk of bias of radiographic image assessments, we adopted a standard protocol of shoulder radiographic imaging.

Conclusion {#section8-2325967120918995}
==========

Patients with RCTs presented a higher CSA than did patients without RCTs, and the CSA could be an objective assessment tool to predict RCTs for patients with shoulder pain. Furthermore, our study revealed that the CSA had better accuracy for predicting RCTs than did the AI for patients. When the CSA surpasses the cutoff value on radiographic assessments, further ultrasonography is recommended to detect RCTs.
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